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Description 

The present invention concerns a prepolymerized catalyst composition suitable Jor use irt the polymerization ol 
alpha-olefins and a process for preparing such a composition. The invention also relates to a process lor polymerizing 

s cc-oletins with a Ziegler-Natta catalyst composition, according to which a procatalyst composition comprising a tiansition 
metal is prepolymerized with a monomer for producing a Ziegler-Natta type prepolymerized catalyst composition and 
this catalyst composition is contacted with an alpha-oiefin monomer in order to produce a polymer. 

Ziegler-Natta catalysts have been used ior a long time for stereospecific polymerization of alpha-olefins. In their 
broadest sense Ziegler-Natta catalysts comprise a compound, usually a halide, of a transition metal of groups IV to 

io VIII of the periodic system together with a cocatalyst comprising an alky! derivative of a group I to III metal. Titanium 
chlorides are representatives of typical transition metal compounds used, and of the metal alkyl compounds aluminium 
alkyl derivatives should be mentioned. Often a Ziegler-Natta catalyst also contains an electron donor, such as a Lewis 
base, the purpose of which is to render the polymerization product more isotactic. In order to improve the catalyst's 
activity, its surface is increased by adding the catalyst ontoa support. The most common support is magnesium dichlo- 

)5 ride. 

The activity of supported catalysts (calculated on basis of the weight of the transition metal) can be up to 100 times 
higher than the activity of unsupported catalysts. This is the reason why a growing interest is being focused on these 
catalysts. Supported Ziegler-Natta type catalysts can be prepared by depositing a transition metal compound, such as 
titanium tetrachloride: on a support, and then reducing the transition metal compound with an organic metal compound 
20 acting as a cocatalyst either before polymerization or at the beginning of polymerization. The deposited support is often 
dried before being subjected to reduction, but polymerization and reduction of the transition metal can be carried out 
directly after deposition of the catalyst on the support, which makes it possible to omit the drying step. This alternative 
is preferred if the supported catalyst is to be posltreated by prepolymerizing a suitable monomer on its surface, which 
is the case in, for instance, bulk polymerization of propene, wherein the catalyst is prepolymerized before being added 
2S into the polymerization reactor. 

According to conventional technology, the Ziegler-Natta catalyst is used for polymerization in particulate form. In 
order to facilitate catalyst dosing the catalyst can be combined with wax which makes it possible continuous!/ to feed 
a prepolymerized wax catalyst into the polymerization reactor. By way of example, reference is made to GB Patent 
Application No. 2,189,252, which anticipates a catalyst for the polymerization of 1-alkenes. Said prior art catalyst is 
30 prepared by depositing transition metal compounds on silica or alumina, a paraffinc hydrocarbon being applied to the 
catalyst together with a transition metal compound or to the completed catalyst. The paraffinic hydrocarbon can be 
prepared by prepoiymerization of a small amount of 1 -aikenes on the support. 

The handling of wax catalysts is uncomplicated and safe during the various stages of the process. An additional 
benefit associated with wax protected catalysts resides in the fact that the catalyst is not as easily destructed by external 
3s catalyst poisons as conventional catalysts. However as a disadvantage, it should be noted that the process for pre- 
paring the wax catalysts comprises several stages; according to the prior art, the catalyst particles will first have to be 
dried before they can be mixed with the wax, in which they are prepolymerized. The GB Patent Application No. 
2,189,252 mentioned above indicates that the solvent used during the addition of the wax has to be removed, e.g.. by 
decantation. by evacuation or by evaporation. 
40 The preparation reactions and the reactants of the Ziegler-Natta-cataiysts are extremely sensitive to impurities. In 

particular, the drying of the catalyst is a sensitive stage during which the catalyst may easily be deactivated. For this 
reason there have been developed processes which comprise conducting the activation, washing, drying and prepo- 
iymerization stages in the same apparatus. !n this context, reference is made to the equipment described in the U.S. 
Patent Specifications Nos. 5,137,551 and 5,215,949. Said references do not, however, deal with the preparation of 
45 prepolymerized catalysts which are fed in wax. 

EP-A-0083074 provides an ethylene polymerisation catalyst. However the oil added to disperse the catalyst com- 
position is of a low viscosity, the catalyst composition being added thereafter to a low viscosity alaphatic hydrocarbon. 
The low viscosity of this composition inevitably leads to settling of the catalyst during storage for instance. 

US 4235747 relates to a method for synthesising a catalyst rather than to prepotymerising a catalyst composition. 
so This prior art catalyst is also subject to settling out from its formation mixture upon standing. 

It is an aim of the present invention to eliminate the disadvantages of the prior art while providing an entirely novel 
prepolymerized Ziegler-Natta catalyst composition and a process for the preparation thereof. The invention also aims 
at providing a novei process for polymerization of ct-olefins with the help of Ziegler-Natta catalysts mixed with wax. 

The invention is based on the concept of combining the preparation of the prepolymerized wax catalyst with the 
ss activation of the catalyst. The last drying stage of the catalyst activation is then entirely left out and the prepoiymerization 
ot the wax catalyst is carried out after activation in a viscous medium. 

According to the invention we provide a prepofymerized catalyst composition suitable for use in the polymerization 
of alpha-olefins, comprising a prepoiymerization medium comprising a procatalyst composition comprising a transition 
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metaf, the procatalyst composition being prepolymerized with a prepolymerization monomer in the presence of a vis- 
cous substance, the viscosity of the viscous substance being such that the prepolymerization medium viscosity is at 
feast 1 Ns/m 2 (1,000 cP). The medium used for prepoiymerization may comprise a substance which is inert to the 
catalyst components and which has a viscosity suitably high for preventing the catalyst from settling in this medium 

s during transport or storage. Within the scope of the present invention, this substance is called "a viscous substance". 
Typically, the viscosity of such a medium is in the range of 1 Ns/m 2 to 15 Ns/m 2 (1 ,000 to 15,000 cP), preferably 4 Ns/ 
m 2 to 10 Ns/m 2 {4,000 to 10,000 cP). 

More specifically, the catalyst composition according to the invention is characterized in that it comprises a transition 
metal prepolymerized with a prepolymerization monomer in the presence of said viscous substance. 

w The process according to the invention for preparing a prepolymerised catalyst composition suitable for use in the 

prepolymerisation of alpha-olefins, comprising: 

(a) forming a procatalyst composition by depositing a transition metai compound on a suitable support, 
{b) adding said procatalyst composition to a viscous substance; 
*s (c) prepolymerizing said procatalyst composition with said prepolymerization monomer in the presence of said 

viscous substance to provide a prepolymerization medium and so to obtain said prepolymerized catalyst compo- 
sition, the viscosity obtain said prepolymerized catalyst composition, the viscosity of the viscous substance being 
such that the prepolymerization medium viscosity is at least INs/m 2 . 

20 Within the scope of Ihe present application, the term "procatalyst" denotes a transition metal compound suitable 

for a Ziegler-Natta catalyst, containing the metal in reduced or reducible form. The term "procatalyst composition" 
means, again, a composition donors and other similar additional components. 

The transition metal compound of the procatalyst composition can comprise compounds of different kinds. The 
most usual are titanium compounds - organic or inorganic - having an oxidation degree of 3 or 4. Of the other transition 

2S metals, vanadinium, zirconium, chromium, molybdenum, cobalt, nickel, tungsten and many rare earth metals should 
be mentioned. The transition metal compound is usually a halide or oxyhalide, an organic metal halide or purely a 
metal organic compound. In the last-mentioned compounds, there are only organic tigands attached to the transition 
metal. Particularly preferred transition metal compounds are selected from the group comprising halides of titanium, 
in particular TiC! 4i and titanium alkoxidesand alkoxy halides. The following examples of other suitable compounds can 

30 be mentioned: vanadinium trichloride, triacetyl acetone vanadinium and triacetyl acetone chromium, cobalt chloride- 
pyridinium complexes, dichorodrcyclopentadienyl titanium. 

According to the invention, a supported catalyst composition is prepared, wherein the support mainly is inert, i.e., 
it does not affect the polymerisation reaction in itself. However, when the catalyst particles are deposited on the surface 
of a support having a large surface, the monomer molecules are more readily polymerized. The support is either an 

3& organic compound (e.g. apolymer)oran inorganic compound, such as a metal oxide. The following inorganic componds 
may be mentioned: silicon dioxide, aluminium oxide, Ti, Mg, Cr, Ba. Th and Zr oxides, silicates, halides, such as CaCL,, 
and in particular magnesium halides, the most important of which is MgC^- The inorganic support can also be a metal 
hydroxide or a metal hydroxy halide. Combinations of various supports are possible, as well. Typical support combi- 
nations are siiica and magnesium dichloride and cogels of silica and other oxides. 

40 During "prepolymerization" the procatalyst composition is contacted with a monomer in the presence of a cocatalyst 

and possibly an (external) electron donor, the monomer being polymerized on the surface of the composition. 

The cocatalysts conventionally used are comprised of aluminium compounds, but compounds of lilium, sodium 
and potassium, alkaline earth metals as well as compounds of other earth metals than aluminium are possible. The 
compounds are usually hydrides, organometal or halide compounds. Conventionally, the cocatalysts are selected from 

+5 the group comprising Al-trialkyls, Al-alkyf halides, Al-alkoxides. Al-alkoxy halides and Al-halides. In particular, Al-chlo- 
rides are used. These compounds are exemplified by triethyl aluminium, ethyl aluminium chloride, ethyl aluminium 
dichlorides and aluminium trichloride. Butyl lithium and butyl magnesium jodide are examples of useful compounds of 
other metals. 

. As mentioned above, Lewis base type donors known perse can be used for improving the stereospecificity of the 
so catalyst. The donors are divided into two categories depending on whether they are added to the mixture of the 
transition metal compound and the support (internal donors) or to the mixture of the monomer and the catalyst com- 
ponent (external donors). Donors of both kinds can, of course, be added to the catalyst system, for instance by first 
preparing a procatalyst composition by way of depositing the transition element on the support in the presence of an 
internal donor, and then reacting the procatalyst composition with the monomer, a cocatalyst and an external donor 
ss being added to the polymerization mixture. The internal and external donors can be identical or different, the main 
donor types being represented by ethers, esters, carboxylic compounds, ketones, amines, amides, phosphines, orga- 
nophosphorous compounds and polymer derivatives. In the examples below, ether compounds have been used as 
external donors. 
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According to the invention the procatalyst composition is prepolymerized with a suitable monomer in the presence 
of a polyolefinic wax in order to produce a prepolymerized catalyst composition. Within the scope of the present in- 
vention, the term "catalyst composition" denotes a composition which, in addition to the components of the procatalyst 
composition, contains a cocatalyst and possibly an external donor and which can be used for polymerization of olefins. 

Any suitable monomer with unsaturated bonds can be used for prepolymerization. Particularly suitable monomers 
are 1 -olefins, such as ethylene, propene, butane, 4-methylpentene and vinylcycloalkanes. in particular vinyl cyclohex- 
ane. Mixtures of monomers can be employed in prepolymerization, and prepolymerization monomers can be combined 
also by changing the monomer in the middle of the prepolymerization. 

Often, a chain transfer agent suitable for regulating the molecular weight and the molecular weight distribution of 
the polymer product produced can be used for prepolymerization. As chain transfer agents, different metal organic 
compounds, such as alkyl Zn compounds, or hydrogen, can be employed. Hydrogen is a typical and preferred alter- 
native, because it does not leave any foreign atoms in the polymer. 

It should be pointed out that the same or different monomer can be applied for prepolymerization as for the pro- 
duction of the actual polyolefin product. 

According to the invention different oils and waxes having a sufficiently high viscosity can be used as viscous 
substances. As mentioned above the viscosity of the selected medium should be at least 1 Ns/m 2 (1,000 cP). The 
medium should furthermore be inert with respect to the components of the catalyst which is being prepared and it must 
be suitable for dosing of the catalyst. Thus, there should be no additives, such as stabilizers, present in the medium 
which could act as catalyst poisons, nor should there be polar groups, which may interfer with polymerization. Of the 
suitable high-viscosity oils, different synthetic poly-alfa-olefin oils should be mentioned in particular. The molecufar 
weight of said oils are typically in the range of 400 to 1 ,000, and their viscosity numbers exceed 70. 

According to a preferred embodiment of the invention the medium used for feeding the catalyst comprises a viscous 
substance which preferably is comprised of a polyolefin -based mixture, in particular a polyolefin, preferably polyethyl- 
ene or atactic polypropene, dissolved in a poly-a-olefin oil (PAO) or mixed therewith. Typically, the polyolefin concen- 
tration of a mixture of this kind amounts to 1 to 50 %, prelerably 1 to 25 % of the weight of the PAO. Also other viscous 
compounds can be used, provided they meet the above requirements regarding the functional groups and additives. 

According to a preferred embodiment of the invention, the prepolymerization is carried out as follows (it should be 
noted that the indicated procedure can. mutatis mutandis, be used for other viscous compounds): 

The wax used is prepared in a prepolymerization reactor. Alternatively, it is prepared in a separate reactor and 
then afterwards fed into the prepolymerization reactor. During wax preparation due care is taken to produce a wax with 
so high viscosity that no settling takes place after prepolymerization; the process aims at getting the catalyst evenly 
distributed throughout the wax, and the catalyst should remain well distributed during storage. Too high a viscosity 
renders the even distribution of the catalyst more difficult during reaction. Typically the viscosity of the wax is kept in 
the above-mentioned range from 4 Ns/m 2 to 10 Ns/m 2 (4,000 to 10,000 cP). 

After preparation, the wax is cooled to 1 0 to 40 °C, typically to 20 to 30 *C before the procatalyst composition is 
added. The procatalyst composition can be introduced into the wax together with an external donor and with a cocat- 
alyst. An inert solvent, such as pentane, is preferably used as a medium during the addition of the components. A 
procatalyst composition comprising the cocatalyst, the electron donor and procatalyst composition is then formed in 
said inert solvent, for instance in pentane, and the procatalyst suspension is introduced under mixing into the wax 
which contains the cocatalyst. The procatalyst composition can, however, also be added into the wax separately from 
the donor and the cocatalyst without being mixed with any medium. The procatalyst is introduced into the wax below 
the surface of the wax and the wax-catalyst-composition is mixed after the introduction for some time (for instance for 
1 to 120 min.) in order evenly to distribute the catalyst composition within the wax. Preferably the procatalyst compo- 
sition is fed into a mixed zone of the wax. If desired, a portion of the donor and the cocatalyst can also be separately 
or jointly mixed into the wax before the catalyst and the rest of donor and the cocatalyst are added. As far as the 
invention is concerned, it is essential that the catalyst be fed into the wax or similar viscous medium, because otherwise 
inhomogeneous lumps might easily be formed on the surface of the medium during prepolymerization. Mixing and 
stirring is afso important as regards the production of a homogeneous product. 

A predetermined amount of a monomer is introduced into the mixed combination of the medium and the catalyst. 
Typically 0.01 to 50 g, preferably 0.1 to 10 g. of the monomer are added for each gram of the catalyst. The monomer 
is also fed below the surface of the wax and the agitation is continued until all the monomer substantially has been 
consumed. During the introduction of the gaseous monomer an increased monomer pressure is preferably maintained. 
The reaction can also be carried out in an inert atmosphere, a part of the increased pressure being produced with the 
inert gas. The temperature is mainained as even as possible during prepolymerization. 

After the reaction the prepolymerized catalyst composition can be removed from the reaction vessel and used for 
polymerization. It has been found to have an excellent shelf life. 

Summarizing the above-described features, the essential steps of the particularly preferred steps process are: 
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- preparing a wax having a viscosity in the range of 4 Ns/m 2 to 10 Ns/m 2 (4,000 to 10,000 cP} in a reaction vessel, 
maintaining the temperature of the wax at 10 to 40 °C, 

mixing a cocatalyst 1or the procatalyst composition and an electron donor with said wax to produce a cocatalyst- 
containing wax composition, 

5 • adding the procatalyst composition and the monomer used for prepolymerization of the procatalyst composition 
to the cocatalyst-containing wax. and 

prepolymerizing the procatalyst composition until the monomer has been essentially consumed. 

The catalyst composition according to the invention can be used for polymerization of a-olefins, such as ethylene, 
to propene, butene, in particular ethylene or propene or mixtures thereof in manners known per se. 

The invention provides considerable advantages. Thus, when the process according to the invention is implement- 
ed, the catalyst does not have to be dried before being fed into the medium and, as a result, a high catalyst activity is 
maintained. Furthermore, the catalyst does not need to be removed from the reactor, transferred into product containers 
and weighted separately before being introduced into the prepoiymerization reactor. This means that several process 
is and work steps become completely superfluous. The amount of waste is also diminished, because the prepolymeri- 
zation medium does not have to be removed. 

Surprisingly it has been found that the properties of the prepolymerized catalyst are not impaired by carrying out 
the prepolymerization in a viscous medium. Nor are the properties of the polyoiefin prepared in the presence of a 
catalyst according to the invention In both cases ; the results obtained are fully comparable with the properties of 
so products prepared by conventional techniques. The viscous substance has not been found to impair the properties of 
a product prepared by continuous bulk or slurry polymerization in equipment on pilot plant scale. 

The are no up-scaling problems when moving from laboratory scale to pilot plant or industrial scale. 
Next, the invention will be described in more detail with the help of a couple of working examples. The examples 
describe prepolymerization of catalyst compositions in a polyoiefin wax and the use of a catalyst composition thus 
25 produced for preparing polyolefins, which represents a particularly preferred embodiment of the invention. It is clear 
to a person skilled in the art that the concept of the invention can atso be implemented by suitably altering the specific 
details of the working examples with the aid of other kinds of waxes and similar viscous substances and other kinds 
of catalyst compositions, as mentioned above. 

The activity of the prepared catalysts was determined by bulk polymerization of propene according to the following 
30 standard procedure: 

Test polymerization: 

The monomer (propylene) is purified before polymerization with aluminium oxide and with three purification cata- 
35 lysis. The purification catalyst used comprised a reduced BASF R 3-11 copper catalyst and 3 A (1 A = 0.1 nm) and 10 
A molecular sieves, respectively. 

The polymerization was carried out in a 2 dm 3 laboratory autoclave equipped with a stirrer. 900 ml of heptane was 
first fed into the reactor as polymerization diluent. The heptane is purified with the same kind of purification catalysts 
as the monomer and it is kept in an autoclave under nitrogen pressure. 
40 in a separate vessel, 30 ml of heptane, 680 \i\ triethylaluminium (TEA) and about 50 u.1 of cyclohexyl methyldime- 

toxysilane (CHMMS) are then taken, and these substances are reacted with each other far about 5 min with intermittent 
stirring. Then 1 5 ml of TE A-donor-heptane solution is taken from the vessel and added upon the catalyst on a septume 
flask which, with the suspension formed, is agitated. The rest of the TE A-donor-heptane solution is fed into the reactor. 
The catalyst suspension is carefully introduced into the reactor and polymerization is then initiated by first leBding 
45 hydrogen into the reactor and then propylene at the same time as the temperature is increased. The pressure is allowed 
to raise to up to 7 bar and the temperature to 70 °C within 15 minutes. The rotational speed of the stirrer should be 
increased to 600 ^min. The polymerization is continued for 4 h. 

After the reaction the polymer is separated from the liquid phase by filtering, 

so EXAMPLE 1 

Prepolymerlzatfon of a MgCI 2 based catalyst with propylene on laboratory scale 

A PP catalyst ol Ziegier-Nalla type which had been prepared according to Finnish Patent No. 86666 was prepo- 
ss lymerized in a 2.0 dm 3 reactor. A mixture containing 15 wl-% of atactic polypropylene (APP) and PAO oil (Neste Oy 
Nesbasa 2006 FG) was used as reaction medium. The mixture was first prepared in a prepolymerization reactor. The 
temperature of the mixture was decreased to + 25 °C. the viscosity being 5.7 Ns/m 2 (5700 cP). 

Reagents used: 
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Catalyst 20 g/l (titanium content 2.7 %) 
Aluminium alkyl: TEA Al/Ti = 5 
Donor: CHMMS. Al/Don = to 
Catalyst diluent: pentane 5 ml/g cat 

1/3 of the donor and the cocatalyst were reacted for 5 min. and fed into the reactor. The rest of the donor and the 
cocatalyst was mixed in pentane with the catalyst and they were allowed to stay in contact for 10 min. The catalyst 
complex was fed into the reactor with a bottom pipe under the surface of the wax and it was agitated with an anchor 
agitator at a rotational speed of 300 rpm. 

Agitation was continued for 15 min, and then the rotational speed was raised to 600 rpm and propylene feed {5 g/ 
g cat) was commenced at a partttial pressure of 4.0 bar The temperature was maintained at exactly 30 °C. Prepolym- 
erization was continued for 40 min until all the premonomer had reacted. 

The product was removed from the reactor via a valve and via a 2 mm pipe fitted to the bottom of the reactor vessel 
and collected into sample bottles The viscosity of the catalyst wax was somewhat decreased [0.5 Ns/m 2 (500 cP}) 
during prepolymerization, but not significantly as far as settling was concerned. A 1.0 litre glass sample vessel filled 
with the product was monitored for half a year and the product was found to remain non-sedimented and also otherwise 
in unchanged condition. 

Test polymerization results 

Using the prepolymerized catalyst wax a test polymerization was carried out by using the above-described standard 
method one (1) day and five (5) months after the prepolymerization. The purpose of the prolonged test period was to 
ascertain whether the isotacticity of the polymer decreases upon extended storage. The polymerization product com- 
prised regularly shaped spherical particles of uniform size, which shows that pre-polymerization had been homogene- 
ous. 

Table 1 . 



Sturry-potymerization of propylene for 4.0 h at 70 °C 





1 day after prepolymerization 


5 months after prepolimerization 


Aktivity 


15.3 kg/gcat 


15.8 kg/g cat 


Isotactivity 


97.9 % 


97.3% 


Isotact.index 


96.8 % 


96.1 % 


Melt index 


4,7 (2.16 kg) 


3.4 (2.16 kg) 


Fines 


4.2 % {d < 1.00 mm) 


4.0% (d < 1.00 mm) 


Bulk density 


0.46 g/cm 3 


0.46 g/cm 3 



EXAMPLE 2 

Prepolymerization of a MgCI 2 based catalyst with 4-methyM-pentene on laboratory scale 

The process described in Example 1 was followed using the following starting compounds 

- Polyethylene wax (PAO 6 cSt + 4.0 p-% PE-wax) viscosity 6.5 Ns/m* (6500 cP) 
Aluminium alkyl: TIBA, Al/Ti = 5 
Donor: MTBE (tert-methyl butyl ether) Al/Don = 10 
4M1 P (5 g/g cat), which was gradually fed into the reactor in liquid form 

All prepolymer was consumed in the reaction so it did not cause any change of viscosity. 

Test polymerization results 

The prepolymerized catalyst wax was test polymerized according to the standard method. The polymer particles 
was regularly spherical and of uniform size. 



6 



EP0 607 703 B1 



Table 2. 



Slurry-polymerization of propylene for 4.0 h at 70 °C 




1 day after prepolymerization 


5 months after prepolymerization 


Activity 


1 4 3 kg / g cat 


14 1 kg / g cat 


Isotacticity 


98.2 % 


97.9% 


isotact. index 


96.8 % 


96.5% 


Melt index 


5.7 (2,16 kg) 


5.4 (2.16 kg) 


Fines 


5.2% (d < 1,00 mm) 


5.6 % {d < 1.00 mm) 


Bulk density 


0.42 g/cm 3 


0.46 g/cm 3 



Prepolymerization of a MgCI 2 based catalyst with propylene on pilot plant scale 

A PP catalyst of Ziegier-Natta type was prepolymenzed in a 10 dm 3 pilot plant reactor. A polyethylene wax was 
used as medium, the wax containing 4.0 wt-% of polyethylene in PAO oil. The wax was prepared in the prepolymeri- 
zation reactor as described above and its temperature was lowered to 20 a viscosity of 7 Ns/m 2 (7,000 cP) being 
obtained 

Reagents used: 

Catalyst amount: 1 7.3 g/1 (titanium content 2.7 %) 
Aluminium alkyl: TEA, Al / Tt - 5 
- Donor; CHMMS. Al/Don = 1 0 



The cocatalyst and the donor were separately fed into the reactor so that they were in contact for 15 min under 
agitation. The dry catalyst was led into the reactor (with a bottom pipe into the wax) and the mixture was mixed for 15 
min before premonomer feed. Propylene was slowly fed (5 g/g cat) into the reactor such that its partial pressure was 
300 kPa (3.0 bar) [+ nitrogen 100 kPa (1.0 bar)]. The propylene feed into the reactor was continued for 105 min, the 
total prepolymerization time being 120 min. During the first hour, the temperature was maintained in the range of 25 
to 30 *C. During the second hour the temperature was kept at 30 to 35 *C . 

When the catalyst is dried from liquid medium, lumps are formed. None of these were found during wax prepo- 
lymerization. 

The wax prepolymeri2ed catalyst was tested and later run on PILOT scale in a LOOP reactor. 



Test polymerization results 


Aktivity 


13 0 kg/g cat 


Isotacticity 


98.3% 


Isotact. index 


97.1 % 


Melt index 


4.3 (2.16 kg) 


Fines 


3.6 % (d < 1.00 mm) 


Bulk density 


0.45 g/cm 3 



EXAMPLE 4 

Prepolymerization of a MgCI 2 based catalyst with propylene on pilot plant scale 



The test was carried out as Example 3. but prepolymerization was continued with vinyl cyclohexane (3 g VCH/g 
cat). The prepolymerization time with VCH was 6.0 hours, the temperature being 38 °C at low mixing speed. 



Test polymerization results 



Activity 



1 3.4 kg/g cat 
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(continued) 



Tost polymerization results 


Isotacticity 


98.0 % 


Isotact. index 


96.9% 


Melt index 


4.2 (2.16 kg) 


Fines 


4.0 % (d < 1.00 mm) 


Bulk density 


0 46 g/cm 3 
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EXAMPLE 5 

Prepolymerlzatton ol a MgCI 2 based catalyst with propylene and vinyl cyclohexane on pilot plant scale 

15 The method described in Example 3 was repeated with the difference that 

the amount of propylene was 3 g/g cat and 
1,B-Cmeole (Al/Don = 10) was used as donor 

20 



Test polymerization results: 


Activity 


14.4 kg/gcat 


Isotacticity 


97.8% 


Isotact. index 


96.9% 


Melt index 


4.5 (2 16 kg) 


Fines 


3.2 % (d < 1.00mm) 


Bulk density 


0.45 g/cm 3 



30 

Claims 

1. A prepolyrnerized catalyst composition suitable for use in the polymerization of alpha-olefins, comprising a prepo- 
lymerization medium comprising a procatalyst composition comprising a transition metal, the procatalyst compo- 

35 sition being prepolyrnerized with a prepolymerization monomer in the presence ot a viscous substance, the vis- 

cosity of the viscous substance being such that the prepolymerization medium viscosity is at least 1 Ns/m 2 (1 ,000 

CP). 

2. The catalyst composition according to claim 1 , wherein said transition metal is deposited on a suitable support. 

40 

3. The catalyst composition according to claim 1 or 2, wherein said viscous substance is inert to the components of 
said procatalyst composition, and has a viscosity sufficiently high that the resulting prepolyrnerized catalyst does 
not settle. 

4S 4. The catalyst composition according to any of claims 1 to 3, wherein said viscous substance consists essentially 
of a wax. 

5, The catalyst composition according to claim 4, wherein said wax consists essentially of a polyolefin wax. 

so 6. The catalyst composition according to claim 5, wherein said polyolefin wax consists essentially of a polyethylene 
wax. having a viscosity in the range of 1 to 15 Ns/m 2 (1 ,000 to 15,000 cP). preferably in the range of 4 to 10 Ns/ 
m 2 (4,000 to 10.000 cP). 

7. The catalyst composition according to claim 5, wherein said wax consists essentially of an atactic polypropylene 
55 wax having a viscosity in the range of 1 to 15 Ns/m 2 (1 ,000 to 15,000 cP), preferably in the range of 4 to 10 Ns/ 

rn 2 (4.000 to 10,000 cP). 



8. 



The catalyst composition according to claim 5, wherein said polyolefin wax consists essentially of liquid poly-alpha- 
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oleffn mixed with 1 to 25 % polyethylene. 

9. The catalyst composition according to claim 5, wherein said poiyolefin wax consists essentially of a liquid poly- 
alpha-olefin mixed with 1 to 25 % of atactic polypropylene. 

10. The catalyst composition according to any of the previous claims, wherein said prepoiymerization monomer is 
selected from the group consisting of ethylene, propene, butene, 4-methyJ-1-pentene, vinylcyclohexane, and mix- 
tures thereof. 

11. The catalyst composition according to claim 1, wherein said procatalyst composition was prepotymerized with a 
plurality of prepoiymerization monomers. 

12. A process for preparing a prepolymerized catalyst composition suitable for use in the polymerization of alpha- 
olefins, comprising 

(a) forming a procatalyst composition by depositing a transition metal compound on a suitable support; 

(b) adding said procatalyst composition to a viscous substance; 

(c) prepolymerizing said procatalyst composition with a prepoiymerization monomer in the presence of said 
viscous substance to provide a prepoiymerization medium and so to obtain said prepolymerized catalyst com- 
position, the viscosity of the viscous substance being such that the viscosity of the prepoiymerization medium 
is at least 1 Ns/m 2 (1 ,000 cP) 

13. The process according to claim 12, wherein said prepolymerizing step (c) comprises: 

(1 ) preparing a wax having a viscosity in the range of 4 Ns/m 2 to 10 Ns/m 2 (4,000 to 10,000 cP) in a reaction 
vessel, 

(2) maintaining the temperature of said wax in the range of 10 to 40 °C; 

(3) mixing a cocatalyst for said procatalyst composition and an electron donor with said wax to produce a 
cocatalyst-containing wax composition; 

(4) adding said procatalyst composition and said prepoiymerization monomer to said cocatalyst-containing 
wax; and 

(5) prepolymerizing said procatalyst composition and said prepoiymerization monomer until said prepoiymer- 
ization monomer has been consumed. 

14. The process according to claim 12 or 13, further comprising agitating at least a portion of said viscous substance, 
and wherein said adding of said procatalyst composition occurs in said agitated portion. 

15. The process according to any of clainis 12-14. wherein said adding step (b) comprises: 

(1 ) mixing a portion of a cocatalyst for said procatalyst composition with an electron donor and said procatalyst 
composition in an inert solvent to produce a slurry of said procatalyst composition; 

(2) mixing the remaining portion of said cocatalyst into said viscous substance; 

(3) agitating said cocatalyst-containing viscous substance; and 

(4) mixing said slurry with said cocatalyst-containing viscous substance under agitation. 

16. The process according to any of claims 12-15, wherein said prepoiymerization monomer is present in an amount 
of from 0.01 to 50, preferably from 0.1 to 10 parts by weight, based upon the weight of said transition metal in said 
procatalyst composition. 

17. The process according to any of claims 12-16, wherein said viscous medium consists essentially of a liquid poly- 
alpha-olefin mixed with 1 to 25 % by weight of either polyethylene or atactic polypropylene. 

18. The process according to any of claims 12 - 17, wherein said prepoiymerization is initiated using an initial prepo- 
iymerization monomer and continued or terminated using a different prepoiymerization monomer. 

19. The process according to claim 18, wherein said prepoiymerization is initiated using propylene and continued or 
terminated using vinylcyclohexane. 



9 



EP 0 607 703 B1 



20. A process lor polymerizing alpha-oleiins using the prapolymarized catalyst composition according to claim 1 , com- 
prising contacting said prepolymerizcd catalyst composition with an alpha-ofefin monomer under conditions suffi- 
cient to produce a polymer. 

21. The process according to claim 20, wherein said alpha-olefm is propylene or ethylene. 
Patenlanspruche 

1 . Vorpolymei isierte Katalysatorzusammensetzung, die zum Einsatz bei der Polymerisation von Alpha-Otefinen ge- 
eignet ist und ein Vorpolymerisationsmittel umfassend eine Prokataiysatorzusammensetzung mit einem Ober- 
gangsmetall urnfalit, wobei die Prokatalysatorzusammensetzung mit einem Vorpolymerisationsmonomer in Ge- 
genwart siner viskosen Substanz vorpolymerisiert wird, wobei die viskose Substanz eine solche Viskositat auf- 
weist, daf? die Viskositat des Vorpolymerisationsmittels bei mindestens 1 Ns/m 2 (1.000 cP) liegt, 

2. Katalysatorzusammensetzung nach Anspruch 1 , wobei das UbergangsmetalJ auf einem geeigneten Trager abge- 
lagert ist. 

3. Katalysatorzusammensetzung nach Anspruch 1 oder 2, wobei die viskose Substanz gegenuber den Komponenten 
der Prokatalysatorzusammensetzung inert ist und eine genugend hone Viskositat aufweist. daB der resultierende 
vorpolymerisierte Katalysator nicht sedimentiert. 

4. Katalysatorzusammensetzung nach einem der AnsprGche 1 bis 3, wobei die viskose Substanz im wesentlichen 
aus einem Wachs besteht. 

5. Katalysatorzusammensetzung nach Anspruch 4. wobei das Wachs im wesentlichen aus einem polyoietinen Wachs 
besteht. 

e. Kataiysaiorzusammenselzung nach Anspruch 5, wobei das polyolefine Wachs im wesentlichen aus einem Poiye- 
thylenwachs mit einer Viskositat im Bereich von 1 bis 15 Ns/m? (1.000 bis 15.000 cP). vorzugsweise im Bereich 
von 4 bis 10 Ns/m2 (4.000 bis 10.000 cP) besteht. 

7. Katalysatorzusammensetzung nach Anspruch 5, wobei das Wachs im wesentlichen aus einem ataktischen Poiy- 
propylenwachs mit einer Viskositat im Bereich von 1 bis 15 Ns/m2 (1 .000 bis 1 5.000 cP). vorzugsweise im Bereich 
von 4 bis 10 Ns/m 2 (4.000 bis 10.000 cP) besteht. 

B. Katalysatorzusammensetzung nach Anspruch 5. wobei das Polyoiefinwachs im wesentlichen aus einem flussigem 
Poly-AIpha-Olefin gemischt mit 1 bis 25 % Polyethylen besteht 

9. Katalysatorzusammensetzung nach Anspruch 5, wobei das Polyoiefinwachs im wesentlichen aus einem fliissigen 
Poly-AIpha-Olefin gemischl mit 1 bis 25 % ataktischem Pofypropylen besteht. 

10. Katalysatorzusammensetzung nach einem der vorstehenden AnsprGche, wobei das Vorpolymerisationsmonomer 
aus Ethylen, Propen, Buten, 4-Methyl-1-Penten. Vinylcyclohexan odar Mischungen daraus besteht. 

"U. Katalysatorzusammensetzung nach Anspruch 1, wobei die Prokatalysatorzusammensetzung mit mehreren Vor- 
potymerisationsmonomeren vorpolymerisiert wurde. 

12. Verfahren zur Hersteilung einer vorpolymerisierten Katalysatorzusammensetzung geeignet zum Einsatz bei der 
Polymerisation von Alpha-Olefinen, umfassend 

(a) das Bilden einer Prokatalysatorzusammensetzung durch Sedimentieren einer Obergangsmetailverbindung 
auf einem geeignelen Trager, 

(b) das Addieren der Prokatalysatorzusammensetzung und einer viskosen Substanz; 

(c) das Vorpolymerisieren der Prokatalysatorzusammensetzung mit einem Vorpolymerisationsmonomer in Ge- 
genwart der viskosen Substanz zur Bereitstellung eines Vorpolymerisationsmittels und so zum Erhalt der vor- 
polymerisierten Katalysatorzusammensetzung, wobei die viskose Substanz eine solche Viskositat aufweist, 
daO die Viskositat des Vorpolymerisationsmittels mindestens 1 Ns/m 2 (1.000 cP) betragt. 
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13. Verfahren nach Anspruch 12, wobei die Vbrpolymerisationsstufe (c) umfafit: 

(1 ) Herstellen eines Wachses mit einer Viskositat im Bereich von 4 Ns/m 2 bis 10 Ns/m 2 {4.000 bis 10.000 cP) 
in einem ReaktionsgefaG; 

(2) Beibehalten der Temperatur des Wachses im Befeich von 10 bis 40 °C; 

(3) Mischen eines Kokatalysators fur die Prokatalysatorzusammensetzung und eines Elektronendonators mit 
dem Wachs zur Herstellung einer Wachszusammensetzung enthaltend den Kokatalysator; 

(4) Addieren der Prokatalysatorzusammensetzung und des Vorpolymerisationsmonomers zu dem den Koka- 
talysator enthaltenden Wachs, und 

(5) Vorpolymerisieren der Prokatalysatorzusammensetzung und des Vorpolymerisationsmonomers, bis das 
Vorpafymerisationsmonomer verbraucht ist. 



14. Verfahren nach Anspruch l2oder 13, weiter umfassenddas Ruhren mindestens eines Teifsder viskosen Substanz, 
wobei das Addieren der Prokatalysatorzusammensetzung in dem geruhrten Teil auftritt. 

15. Verfahren nach einem der Anspruche 12-14, wobei die Additionsstufe {b) umfafit: 

(1 ) Mischen eines Teils des Kokatalysators fur die Prokatalysatorzusammensetzung mit einem Elektronendo- 
nator und der Prokatalysatorzusammensetzung in einem incrten Losungsmittel zur Bildung einer Prokataly- 
satorzusammensetzungssuspension; 

(2) Mischen des restlichen Teils des Kokatalysators in die viskose Substanz; 

(3) Ruhren der den Kokatalysator enthaltenden viskosen Substanz; und 

(4) Mischen der Suspension mit der den Kokatalysator enthaltenden viskosen Substanz unter Ruhren. 

16. Verfahren nach einem der Anspruche 12 - 15, wobei das Vorpolymerisationsmonomer fn einer Menge von 0,01 
bis 50, vorzugsweise von 0,1 bis 10 Gewjchtsteiien gegenwartig ist, ausgehendvon dem Gewicht des Ubergangs- 
metalls in der Prokatalysatorzusammensetzung. 

17. Verfahren nach einem der Anspruche 12-16, wobei die viskose Substanz im wesentlichen aus einem fJussigen 
Po!y-Alpha-Olefin gemischt mit 1 bis 25 Gewichts-% Polyethylen Oder ataktischenn Polypropylen besteht. 

18. Verfahren nach einem der Anspruche 12 - 17, wobei die Vorpolymerisation durch Einsatz eines initiatorischen 
Vorpolymerisationsmonomers tnitiiert und durch Einsatz eines anderen Vorpolymerisationsmonomers fortgesetzt 
Oder beendet wird. 

19. Verfahren nach Anspruch 16, wobei die Vorpolymerisation durch Einsatz von Propyien initiierl und durch Einsatz 
von Vmylcyclohexan fortgesetzt oder beendet wird. 

20. Verfahren zur Polymerisation von Alpha-Olefinen durch Einsatz der vorpolymerisierten Katalysatorzusammenset- 
zung nach Anspruch 1 , umfassend die Beruhrung der vorpolymerisierten Katalysatorzusammensetzung mit einem 
Alpha-Olefinmonomer unter zur Herstellung eines Polymers ausreichenden Verhaltnissen. 



21. Verfahren nach Anspruch 20. wobei das Alpha-Olefin Propyien Oder Ethylen ist. 
Revendications 



1. Composition de catalyseur pre-polymerisee utilisable dans la polymerisation d'alpha-olefines, comprenant un mi- 
lieu de pre -polymerisation comprenant une composition de pro-catalyseur comprenant un m6tal de transition, la 
composition de pro-catalyseur etant pre-polymerisee avec un monomere de pre-polymerisation en presence d'une 
substance visqueuse, la viscosite de la substance visqueuse etant telle que la viscosite du milieu de pre-polyme- 
risation est d'au moins 1 Ns/m 2 (1.000 cP). 

2. Composition de catalyseur suivant la revendication 1, dans laquelle ce metal de transition est depose sur un 
support convenable, 

3. Composition de catalyseur suivant les revendications 1 ou 2, dans laquelle cette substance visqueuse est inerte 
vis-a-vis des composants de cette composition de pro-catalyseur, et a une viscosite suffisamment elevee pour 
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que le catatyseur pr6-polymerise resultant ne d6cante pas. 

4. Composition de catalyseur suivant I'une quelconque des revendications 1 a 3. dans laquelle celts substance vis- 
queuse consiste essentiellement en une cire. 

5. Composition de catatyseur suivant la revendication 4, dans laquelfe cette cire consiste essentiellement en une 
cire de polyolefine. 

6. Composition de catalyseur suivant la revendication 5, dans laquelle cette cire de polyolefine consiste essentielle- 
ment en une cire de polyethylene, ayant une viscosite comprise dans 5a gamme de 1 a 15 Ns/m 2 (1 .000 a 1 5.000 
cP), de preference dans la gamma de 4 a 10 NgAm 2 [4.000 a 10.000 cP). 

7. Composition de catalyseur suivant la revendication 5, dans laquelie cette cire de polyolefine consiste essentielle- 
ment en une cire de polypropylene atactique, ayant une viscosity comprise dans !a gamme de 1 a 1 5 Ns/m 2 (1 .000 
a 15.000 cP). de preference dans la gamme de 4 a 10 Ns/m 2 (4.000 a 10.000 cP). 

8. Composition de catalyseur suivant la revendication 5. dans laquelle cette cire de polyolefine consiste essentielle- 
ment en une poly(alpha-olefine) liquide, melangee avec 1 a 25% de polyethylene. 

9. Composition de catatyseur suivant la revendication 5. dans laquelle cette polyolefine consiste essentiellement en 
une poly(alpha-oiefine) liquide, melangee avec 1 a 25% de polypropylene atactique. 

10. Composition de catalyseur suivant I'une quelconque des revendications pr£c6dentes ; dans laquelle ce monomere 
de pr6-polym6nsatton est choisi dans le groupe consistent en ethylene, propene, butene, 4-methyM -pcntene, 
vinylcyclohexane et melanges de ceux-ci. 

11. Composition dc catalyseur suivant la revendication 1 , dans laquelle cette composition de pro-catalyseur est pre- 
polymaris6e avec plusieurs monomeres de pre-polyme risation. 

12. Procede pour preparer une composition de catalyseur pre-polymerisee utiltsable dans la polymerisation d'alpha- 
olefines, comprenant : 

(a) la formation d'une composition de pro-catalyseur par depot d*un compost de metal de transition sur un 
support convenable; 

(b) I'addition de cette composition de pro-catalyseur a une substance visqueuse; 

(c) la pre-polymerisation de cette composition de pro-catalyseur avec un monomere de pre-polymerisation en 
presence de cette substance visqueuse pour fournir un milieu de pre-polymerisation et obtenir ainsi cette 
composition de catalyseur pre-polymdriseo, la viscosite de la substance visqueuse etant teile que la viscosite 
du milieu de pr6-potymerisation est d'au moms 1 Ns/rn 2 {1 .000 cP). 

13. Precede suivant la revendication 12, dans lequel cette 6tape (c) de pre-polymerisation comprend : 

(1) la preparation d'une cire ayant une viscosite comprise dans la gamme de 4 NsAn 2 a 10 Ns/m 2 (4.000 a 
10.000 cP) dans un recipient do reaction; 

(2) le maintien de la temperature de cette cire dans la gamme de 10°C a 40°C; 

(3) le melange d'un co-catalyseur pour cette composition de pro-catalyseur d'un electrodonncur avec cette 
cire afin de produire une composition de cire contenant un co-cataryseur; 

(4) I'addition de cette composition de pro-catalyseur et de ce monomere de pr6-polymerisa1ion a cette cire 
contenant un co-catalyseur; et 

(6) la pr6-poJymerisation de cette composition de pro-catalyseur et de ce monomere de pr6-polym6risation 
jusqu'a consommation de ce monomere de pr6-polym6risation. 

14. Proc6de suivant !es revendications 12 ou 13, comprenant de plus i'agitation d'au moins une partie de cette subs- 
tance visqueuse etdans lequel cette addition de cette composition de pro-catalyseur a lieu dans cette partie agftee. 

15. Precede suivant I'une quelconque des revendications 12 a 14, dans lequel cette etape d'addition (b) comprend: 

(1) le melange d'une partie d'un co-catalyseur pour cette composition de pro-catalyseur avec un eiectrodon- 
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neur et cette composition de pro-catalyseur dans un solvant inerte pour produire une bouillie de cette com- 
position de pro-catalyseur; 

(2) le melange da la parti© restante de ce co-catalyseur dans cette substance visqueuse; 

(3) I'agitation dc cette substance visqueuse contenant un co-catalyseur; 

(4) le melange avec agitation de cette bouillie avec cette substance visqueuse contenant un co-catalyseur. 

16. Procede suivant Tune quelconque des revendications 12 a 15, dans lequel ce monomere de pre-polymerisation 
est present en une quantite de 0,01 a 50, de preference de 0,1 a 10, parties en poids. par rapport au poids de ce 
metal de transition dans cette composition de pro-catalyseur. 

17. Procede suivant Tune quelconque des revendications 12 a 16, dans lequel ce milieu visqueux consiste essentiel- 
lement en une poiy(alpha-oleline) liquids melangee avec 1 a 25% en poids. soit de polyethylene, soit de polypro- 
pylene atactique. 

18. Procede suivant I'une quelconque des revendications 12 a 17, dans lequel cette pre-po!ymerisation est initiee par 
utilisation d'un monomere de pre-polymerisation initial et poursuivie ou terminer par utilisation d'un monomere 
different de pre- polymerisation. 

19. Procede suivant la revendication 18 ; dans lequel cette pre-polymerisation est initiee par utilisation de propylene 
et poursuivie ou terminee par utilisation de vinylcyclohexane. 

20. Procede pour la polymerisation d'alpha-olefines utilisant la composition de catalyseur pre-polymerisee suivant la 
revendication 1, comprenant la mise en contact de cette composition de catalyseur pre-polymerisee avec une 
alpha-ofefine monomere dans des conditions suffisantes pour produire un polymere. 

21. Procede suivant la revendication 20, dans lequel cette alpha-olefine est le propylene ou I'ethylene. 
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